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Lazar J. Greenfield, MD,  Mary C. Proctor,  MS, Kyung J. Cho, MD,  and 
Thomas W. Wakefield, MD,  Ann Arbor, Mich. 
Purpose: The purpose of this study was to determine the outcomes for patients with 
titanium Greenfield vena caval filters (TGFs) and, in particular, to evaluate the effect of 
filter leg distribution on recurrent pulmonary embolism (PE) and caval occlusion. 
Methods: Physical examination, abdominal plain films, and duplex ultrasound examina- 
tions of the inferior vena cava and lower extremities were obtained annually and recorded 
in a Filter Database. 
Results: Seven hundred eighty-three TGFs have been placed since 1989. Follow-up was 
available for 373 patients, or 65% of the surviving patients, over 1 to 84 months (mean, 
33 months). Asymmetry was identified in 42 placements (5%), and 35 of these patients 
had at least one follow-up examination. The overall incidence of recurrent PE was 3.2% 
(12 of 373), whereas the caval patency rate was 97.8% (265 of 271 ). These outcomes were 
not significantly different for patients who had asymmetric filters (p = 0.1 and 0.18, 
respectively). 
Conclusions: Filter leg distribution does not appear to be associated with an increased 
incidence of recurrent PE or caval occlusion. These data support earlier in vitro findings. 
The long-term results with the TGF are comparable with the results of the original 
stainless teel Greenfield filter. (J Vasc Surg 1997;26:770-5.) 
The transition from operative to percutaneous 
insertion ofvena caval filters represented a significant 
improvement, not only in terms of cost and ease of 
insertion, but also in patient comfort and acceptance. 
To facilitate percutaneous insertion via a lower-pro- 
file carrier system, the Greenfield filter composition 
was changed from stainless teel to titanium and the 
hook design was modified for more secure fixation 
(Fig. 1). This change precluded the use of  a guide- 
wire for centering the filter in the vena cava at the 
time of  placement. Without this centering feature, 
the carrier may contact the wall of  the cava at the 
time of  filter discharge, leading to clustering or asym- 
metric distribution of the limbs. In an experimental 
model, when filters were deployed asymmetrically in 
avena cava larger than 22 mm, we demonstrated that 
some smaller emboli escaped capture. Fortunately, 
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all larger emboli were captured regardless of the 
degree of asymmetry or flow velocity. Because these 
observations were made in an extracorporeal circuit, 
the question remained as to the potential clinical 
significance of asymmetry. 1-4 
MATERIALS  AND METHODS 
Patients who underwent placement of vena caval 
filters at the University of Michigan are scheduled for 
an annual evaluation. This visit consists of anteropos- 
terior and lateral radiographs of the abdomen and a 
color flow duplex examination of the lower extremi- 
ties and inferior vena cava. Information regarding 
recurrent hromboembolic events, hospitalizations, 
and the use of anticoagulation medications and com- 
pression hose is obtained. Physical examination of 
the lower extremities is performed to document 
edema or postthrombotic skin changes. These data 
are recorded in the Greenfield Filter Database. Pa- 
tients in whom mechanical or thrombotic hanges in 
the filter are suspected undergo further evaluation if
clinically warranted. The methods were detailed in an 
earlier eport. 4
Statistical analysis was performed using SAS, ver- 
sion 6.10, and Systat, version 5.2, both on a Macin- 
tosh. Fisher's exact est was used to compare dichot- 
omous variables, and a two-sample t test was used for 
continuous data. 
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RESULTS 
All placements. Seven hundred eighty-three pa- 
tients have undergone placement of the titanium 
Greenfield filter (TGF) at the University of Michigan 
since 1989. The indications for placement are found 
in Fig. 2, which demonstrates the changes that have 
occurred since the first report of this device and 
compares them with indications used for the original 
stainless teel filter. The primary diagnoses are listed 
in Table I, and the route of placement and filter 
locations are listed in Table II. 
The 373 patients who have had at least one fol- 
low-up examination form the basis of this report. 
This group of  176 women and 197 men has a mean 
age of 50.9 years and mean duration of survival of  
38.2 months after filter placement. On average, pa- 
tients have undergone three follow-up studies over 
33 months (range, 1 to 84 months). Aspirin or war- 
farin was used by 180 of the patients (48.3%) at their 
most recent visit, 107 (28.6%) were using compres- 
sion stockings to control ower extremity symptoms, 
and 13 (3.5%) had ulceration from chronic venous 
insufficiency. 
Mechanical outcomes. In the investigational 
device submission to the Food and Drug Administra- 
tion for the percutaneous Greenfield stainless teel 
filter, movement up to 20 mm was considered to be 
consistent with parallax or respiratory variation. 
Adopting that standard, 10 of the 373 patients 
(2.7%) had movement greater than 20 mm; nine 
caudal and one cephalad. All filters remained within 
the inferior 1VC. 
In the judgment of the radiologist who placed 
the filter, 42 of  the 783 TGFs placed (5%) were 
characterized ashaving an asymmetric distribution. 
We have identified four basic patterns: a 4-2 split, a 
5-1 split, a 2-2-2 split, and a 3-3 split (Fig. 3). 
Follow-up was available for 35 of these cases (83%). 
Tilt was reported in six (1.6%). Five filters had an 
increase in base diameter ranging from 5 to 10 mm as 
compared with placement. There was no evidence of 
filter limb fracture in any patient. This is an improve- 
ment over the 1% noted in our experience with the 
original stainless teel filter. 
Insertion site thrombosis was noted in 26 of 364 
patients tudied (7%), similar to the initial Food and 
Drug Administration study but less than 1% of the 
entire population. Similarly, bleeding, limb penetra- 
tion, or hematoma occurred in less than 1% (Table 
II). Pulmonary embolism (PE) occurred after filter 
placement in 12 of 373 patients (3.2%), but none 
was fatal. The caval patency rate at the first follow-up 
evaluation was 97%; eight of 271 patients who had 
Fig. 1. Titanium Greenfield filter with the modified hook 
introduced in 1989 for percutaneous placement (Boston 
Scientific Co., Watertown, Mass.). 
adequate ultrasound studies, cavagrams, or CT scans 
were considered to be occluded. At subsequent fol- 
low-up visits, two of the eight were found to be 
patent, for a long-term caval occlusion rate of 2.2%. 
These rates are comparable with those in prior re- 
ports .4,5,7 
Patients with asymmetric filters. There were 
three cases of recurrent pulmonary embolism among 
the 35 cases of filter asymmetry. This does not differ 
significantly from the symmetric filter experience 
(p = 0.1). The degree of  asymmetry differs among 
the cases. Fig. 4 provides agraphic example of severe 
asymmetry, which was associated with a recurrent 
PE. This patient had extensive vena caval thrombosis 
at the time of filter placement and compression of  the 
IVC by a retroperitoneal hematoma, which may have 
contributed to the extreme asymmetry. PE recurred 
1 month later. In addition to the extensive thrombus 
in the IVC, the filter trapped asignificant embolus. A
second filter was placed and there has been no recur- 
rent embolism. 
Two of the 35 patients had occlusion of the vena 
cava at the time of initial evaluation, and one has 
since recanalized. The difference in patency rates be- 
tween the symmetric and asymmetric groups is not 
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Fig. 2. Indications for filter placement have changed uring the past 3 years, with a greater 
number being placed for prophylaxis. This indication is used most often in trauma patients. 
Table I. Primary coexisting diagnoses 
% 
Table I I .  Characterization f 783 TGF placements 
% 
Recent surgery 26 Route 
Malignancy 23 Right femoral vein 
Recent trauma 18 Left femoral vein 
Venous disease 11 Right jugular vein 
Cardiac disease 6 Other 
Underlying pulmonary disease 3 Location 
Hypercoagulable state 3 L3 
Central nervous system disorder 3 Above L3 
Gastrointestinal disease 2 Below L3 
Pregnancy 2 Suprarenal 
PE history 1 Misplacement 
Other 8 Morbidity 
Insertion site thrombosis 
Bleeding 
Penetration 
significant (p = 0.18). The two groups were similar Wound hematoma 
with respect to mean survival time (31.1 vs 28 
months; p = 0.24), and there was no statistical dif- 
ference in mortality rate in the group with symmetric 
filters (10.6%) compared with 0% in those that were 
asymmetric (p = 0.07). 
D ISCUSSION 
Our total follow-up rate is 48%. This is a result of 
the high mortality rate within the first 12 months 
after placement and the unwillingness of  35% of 
patients to seek follow-up. This could introduce a 
bias into the results and is a limitation of the study. 
Periodically, data from vena caval filter patient 
follow-up evaluations have been summarized and 
reported, providing an estimate of  the efficacy and 
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safety of the Greenfield filters and changes in practice 
patterns over time. 4-7 The trend toward fewer filters 
being placed as a result of  anticoagulation compli- 
cations or failure has continued. Similarly, more 
patients are receiving filters for pure prophylaxis, 
and contraindications for anticoagulation have 
been liberalized (Fig. 2). This suggests that clini- 
cians continue to place filters instead of  anticoagu- 
lating patients in borderline situations. The inci- 
dence of  recurrent PE and caval patency in the 
current series is comparable with or superior to 
results with the stainless teel Greenfield filter. The 
efficacy and safety reported in our earlier series 
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Fig. 3. Schematic presentation of four potential patterns 
of asymmetry based on the number of legs on each side of 
the cava. 
with this device 4 has been maintained over an 
8-year period. 
One of the problems in understanding the effect 
of asymmetric filter leg distribution is the lack of 
consistent definition of terms. This limitation has 
been noted by Van Aman and Dorfman as well as 
ourselves. 2 In the majority of cases, filters are said to 
be asymmetric based on some deviation from ideal 
distribution. This situation emphasizes the need to 
develop reporting standards for vena cava filter out- 
comes that will be used in future reports. The 4-2 
and 5-1 distributions have occurred most frequently 
in the clinical setting (Fig. 5). 
There does not appear to be an association be- 
tween filter location and asymmetry; the incidence 
above L3 (5%) and below L3 (6%) is not different 
than the overall incidence of 5%. Placement ech- 
nique and caval geometry seem to bc associated with 
asymmetry. During placement of the TGF no guide- 
wire is used, which usually facilitates centering. It has 
been hypothesized that if the carrier is positioned 
against he caval wall at the time the filter is released, 
one or more legs may first attach to the opposite wall 
Fig. 4. Cavagram of a patient with a severely distorted 
filter, probably associated with compression ofthe cava as a 
result of a retroperitoneal hematoma. A recurrent PE de- 
veloped in this patient 1 month later. 
with the remainder clustering on the nearer wall, 
resulting in an asymmetric distribution. 
A second factor that affects symmetry is the ge- 
ometry of the vena cava. I f  all cavas were cylindrical 
this would not be an issue, but the preplacement 
shape may actually be oval, elliptical, or teardrop. 
Similarly, ira portion of the cava has adherent throm- 
bus the limbs may not deploy evenly, and the risk of 
thrombus propagation through the filter is increased. 
When the filter legs are unevenly distributed around 
the perimeter, the appearance of asymmetry will be 
noted on plain films. One technique for better un- 
derstanding the distribution and whether or not the 
legs span the cava is to obtain lateral and oblique as 
well as anteroposterior views of the filter at the time 
of placement. This additional information may pre -  
clude the need for further intervention. 
Some radiologists have elected to adjust leg posi- 
tion at the time of placement using a wire or cathe- 
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• Fig. 5. Clinical presentation of the 4-2 (A) and 5-1 (B) distributions as noted on follow-up 
radiographs. These are the most frequently noted patterns of distortion. 
ter. a,s,9 This practice may improve the appearance of  
the filter. However, it is not  free of  potential compli- 
cations and it is contraindicated by the manufacturer. 
Others have chosen to place a second filter. This is an 
unproved, expensive alternative. Still others have 
elected to take a wait-and-see approach. Those who 
advocate manipulating the filter legs have had good 
results with no reports o f  clinical sequelae. Those 
who have elected to leave the filter as delivered have 
frequently seen the distribution improve within the 
first 24 hours as the filter seeks its intended configu- 
ration. The fate o f  patients with asymmetric filters 
that are not  adjusted has not been studied. 
The role o f  leg distribution and filter tilt has been 
studied using an in vitro flow circuit described in 
detail in an earlier report. 1 In vena cavas o f  21 and 28 
mm, filters were deployed using a variety o f  filter leg 
patterns, and the ability to trap experimental emboli 
was evaluated. It was determined that smaller caval 
diameter ather than leg distribution was most signif- 
icantly associated with successful "clot" capture. This 
suggests that some forms o f  leg asymmetry may have 
clinical significance in very large cavas. 
This review offers clinical data to support the 
results from our flow model. The results also refute 
the assumptions from the in vivo work o f  other 
investigators) °,l~ In our experience, having an asym- 
metric filter leg distribution is not directly associated 
with a higher rate o f  recurrent PE or caval occlusion. 
Whether a patient with an asymmetric filter requires 
further intervention depends on the caval geometry 
and the inherent risk o f  further thromboembol ic  
events. 
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